Introduction
One cannot do without heat. The easiest way to determine the quantity of heat on a body is by measuring the temperature level. Temperature can be that of a body or environment (that is, ambient temperature). The thermal status of a substance can be measured in many ways one of which is the thermistor technique. This paper focuses attention on how to use the thermistor in designing a temperature measuring device for industrial application. Thermistor method may or may not involve physical contact. This particular design is a contact method. They are of two major types: Positive Temperature Coefficient (PTC) which increase in resistance as a result of increase in temperature and Negative Temperature Coefficient (NTC), whereby the resistance decreases with increasing temperature (Morris, 2001 ). In Figure 1 , the thermistor temperature characteristic curve illustrates the temperature response to the change in resistance which is the thermal sensitivity offered by the change in resistance as the temperature changes. In general terms they are NTC and PTC.Thermistors have a merit of relatively high resistance. At 25 0 C its resistance ranges from hundreds to millions of ohms. Therefore, the effect of inherent resistances in the lead wires which normally cause errors with low resistance devices like RTDs are minimized. An important temperature measurement characteristic of thermistors is their extremely high sensitivity. The small size of the bead of thermistor also yields a very fast response to temperature measurement (Bentley, 2005 ). An important improvement for the high resistance and sensitivity of the thermistor is its high non-linearity output and relatively limited operating range. Depending on the type of thermistor, upper ranges are limited to around 300 o C (Morris, 2001 ) this design has a specific temperature range it intends to cover, in view of this, other research works on this regard will be considered in the view of determining the most suitable approach to be incorporated since it targets industrial usage.
II. Related Design Literature
Many works have been published on temperature measurement by different authors. The aim of this heading is to attempt a review of the contents of those works and consequently their comprehensive application. Nedic & Eric (2014) worked on temperature measurement technique known as tool-work thermocouple. This method is based on the principle that two metals, when they are in contact, produce a small amount of voltage which is proportional to temperature variation. If the two metals are a tool (e.g. hack saw) and a work piece (e.g. metal rod), on calibrating, the temperature between them can be measured. This involves contact measurement, thus result shows that its shortcoming includes that if there are debris, method is inaccurate; cooling fluid and lubricants cannot be applied to the working surface; it requires regular calibration for each change in machining condition; the machine has to be isolated from the tool and work-piece.
According to Nedic & Eric (2014) , metal cutting temperature was measured with artificial thermocouple and metal machine-ability was analyzed from aspect of cutting temperature. In Sui et al. (2012) , LM35 and PIC16F873 microcontroller was used to build a device which can measure safely the indoor temperature in firm buildings such as greenhouses, warehouses or silos. Afsarimanesh and Ahmed (2011) used AT89C51 and LM35 to build a system which measures temperature and stores them in the EEPROM of the microcontroller. Their design was tested under different conditions like room temperatures, at low temperatures, at different temperatures, readings taken over long time and the system performed accurately. Dunn (2005) designed and developed Platinum/Rhodium sensors for exhaust gas temperature measurement. The sensors were able to endure harsh temperature environments up to 950 0 C. Also Bentley, (2005) described the design of probes used in plume temperature measurement. He chose Tungsten-Rhenium thermocouples because they have the combined properties of strength, high thermoelectric e.m.f, and resistance of chemical attack. He also made use of shielded probe to protect the thermocouple junction and to minimize radiative heat losses. Afsarimanesh and Ahmed (2011) proposed a system for measuring the temperature up to 330 0 C for harsh environment. The system is based on a hybrid MEMS placed inside the measuring chamber constituting solely of passive components and an external reading unit, located in the safe environment. This design tends to improve other related work in the area of making a simplified thermistor design that can still give an efficient temperature measurement which is applicable in industries and other works of life.
III. Purpose of the Task
The main purpose of this design is to investigate the use of a simple thermistor design for temperature measurement for industrial purpose with special consideration to the following specifications: 
IV. Statement of the Task
1. To develop and investigate the performance of the thermistor as a transducer in terms of its basic input/output characteristics. 2. To decide on the type of signal conditioning that is necessary to satisfy the criteria already listed. 3. To build a simple thermistor for temperature measurement for industrial application and critically evaluate its performance. 4. To established the characteristics of a 5kΩ Thermistor RS 484-0133 NTC identity.
V. The Design Apparatus and Components
This design will consider the following items: An electromagnetic hotplate with an attached retort stand, a magnetic stirrer, a beaker water mixture, a test tube, a Mercury-in-glass thermometer, cotton wool, an electric soldering iron, lead/solder, a lead sucker, screw drivers, a pair of cutting pliers, crocodile clips, cable leads, a pair of goggles, a digital multi-meter, DC power supply source, 5KΩ thermistor RS 484-0133, standard resistors (from Wheatstone bridge numerical model), an electronic circuit board (vero board) and Connecting wires.
Design Mathematical Model
The response or behaviour of thermistors can best be described mathematically by an exponential function given by: [1] DOI: 10.9790/1676-1105035766 www.iosrjournals.org 59 | Page where is the thermistor's resistance at temperature T in absolute (kelvin) temperature , while A and are constants of the thermistor measured in ohms and absolute temperature respectively. By the empirical method, a linear model of the thermistor response function is given in equation (1) and then the temperature constant ( ) value was deduced from a linear graph of the thermistor resistance versus temperature as obtained from equation (1) Step 1 Experimental design investigates the relationship that exists between resistance and temperature. In order to determine the characteristics of a thermistor under study (NTC). Special consideration is given to the temperature in the order of 25 o C and in step variation of 5 o C to 90 o C. The thermistor is mounted with the thermometer on the retort stand with clamp together with the test tube and the cotton wool covering in order to prevent the heat from the isolated wire. The beaker of water containing the stirrer is placed on the heating electric stove which is connected to a DC power supply source. In this stage, the design made use of empirical excel model and circuitries to accomplish this task.
Figure 2: The thermistor Investigation setup

Procedural Approach
With all the materials, component and apparatus in figure 2 , each terminal of the thermistor was connected to a wire of about 0.6m in length and soldered. The thermistor and the thermometer were then put into the test-tube and the top covered with a piece of cotton wool to minimise the rate of heat loss due to convection. The test-tube was then inserted into a beaker containing water and was placed on the hot plate. The free ends of the wires connected to the thermistor were then connected to a digital multimeter which was set to measure resistance. As the beaker was heated gradually, the resistance values given by the multimeter were recorded against the corresponding temperatures at which they were obtained and the results obtained were tabulated below:
VI. Results Presentation and Analysis for a Non-linear System
The resistance of the thermistor starting from room temperature was measured as: R 25ºC = 4.98KΩ. 
Figure 3:
The increasing and decreasing value of resistances due to temperature changes. Figure 3 presents the result of the NTC 5kΩ thermistor, the Red line represents the value of the increasing resistance and the Blue line represents the decreasing value of the resistance with respect to the temperature in kelvin.
Result Analysis
9.17%
The result of the non-linear graph in figure 3 and the confirmatory deduced value via computation which gave 9.17% above depict the exponential relationship that exists between the resistance and the temperature of the 5KΩ thermistor under study.
Linearization of Mathematical Model Concept for Step 1
A model will be developed in order to establish a linear system. [3] In order to obtain the value of the constant A and β in equation (3) Table 2 and show how heating and cooling of the thermistor were achieved.
[6] 
Figure 4: Thermistor linearization graph for the increasing resistance against the reciprocal of temperature in kelvin
From figure (4) the graph of lnR against 1/T, it is established that it is a straight line with .
Similarly, the = 3400.7 -9.8394. Comparing this with , it was established that: β 1 = 3400.7 and lnA = -9.8394 such that A 1 = 0.0000533 with the goodness of fit of 0.9995. Step 2
Design of model for the Linearization Concept
This section considers the design of the signal conditioning circuit using a numerical method. It is imperative that before this circuit was built, the values of the real resistors given in the laboratory be measured. Excel spreadsheet is adopted for this computation. The measured and the computed results will be compared with that of the numerical design model. The bridge circuit will be used as a signal conditioning circuit for this thermistor conditioning circuit. From table 3, the design of a signal conditioning circuit using Wheatstone bridge technique was realized with the output voltage having a span of 0V -1V as a function of temperature. This is based on a numerical method. Bentley (1995) gave the following conditions (mid-temperature method): The ratio of R 2 and R 3 was a critical factor in this design thus, the ratio R 2 There is a need to limit the electrical power ( R T ) in the thermistor to enable it to be released as heat flow to the surrounding fluid (where i is the amount of current flowing through the thermistor).
Using the values of A and β calculated in step 1, the relationship R (T) = A , values of R T were calculated at different temperatures and used to calculate the values of V s , R 2 and R 3 . It should be noted that the values of A and β were used to get R T instead of those recorded in the experiment because they were obtained using a line of best fit, hence will give more accurate values for R T . The calculation was done using excel spreadsheet (spreadsheet below) and the results are given in table 3.
[8] . Thus, the range of constant is given as . Since the calculated value falls within the range specified by the tolerance, it is therefore suitable for the fore-going analysis. On this note, the calculated ( ) value is justified for onwards application for the specified process temperature range of 35 to 65 . In discussing the results from table 3 and figure (7) and (8) of results, the designed temperature range for the instrument with input range 35ºC -60ºC gives the output range 1.13574014V -1.847963185V with the designed % non-linearity of the system as 8.74%. The behavior of the model using the real values of the resistors reveals that after the design, the exact values of the resistors calculated were not available so values as close as possible were used for the design. The following values of the resistors used as against the designed values are: R 4 = 1.6KΩ instead of 1.615 KΩ, R 2 = 2.2KΩ instead of 2.23KΩ, and in both cases R 3 = 1KΩ and V s = 3.67V. The following results were obtained: The range of the instrument using the real resistor value with Temperature Input range: 35ºC -60ºC gave an output range voltage: 1.13579014V -1.84796318V and the % Non-linearity of the system as 3.6%. And there was a dc shift in the value of the output voltage. Comparing the theoretical values with that of the design value. The following conclusions were drawn: The span of the output voltage is 0.712223V and the % Non-linearity of the system is 1% .There was a dc shift in the output voltage when the real values of resistors were used. The sensitivity of the constructed system is 0.028487V/ºC. These differences are as a result of the fact that the bridge balance was altered when the real values of resistors were used (this is as a result of a decrease in the ratio R 3: R 2 from 0.44843 with designed values of resistors to 0.4545 when the real resistors were used.
Step 3 Implementation This is where the complete circuit of the developed temperature measuring system using thermistor was built alongside signal conditioning system. Figure (9) shows how the circuit was constructed and the input terminals were connected to a dc power supply while the output terminals were connected to the digital multimeter. The thermistor and the thermometer were then put into the test-tube and the top covered with a piece of cotton wool to minimise the rate of heat loss due to convection. The test-tube was then inserted into a beaker containing a mixture of ice and water which was placed on the electric stove. Values of output voltage of the circuit were taken for different temperature values. This was carried out twice and the values recorded. 
